This study was carried out to evaluate the use of the crop water stress index (CWSI) for irrigation scheduling of sugar beet for two years under the semi arid climate of Iran. Statistical relationships between CWSI and yield, quality parameters and irrigation water use efficiency (IWUE) were investigated. Irrigations were scheduled based on 100 (I100), 85 (I85), 70 (I50) and 0% (I0) Results indicated that the CWSI can be used to evaluate crop water stress and improve irrigation scheduling for sugar beet under semiarid conditions.
INTRODUCTION
Water is one of the most important inputs of irrigation, which should be wisely used to identify appropriate strategies for planning and management of irrigated farmland (Kumar et al. ) . Increasing water use efficiency in irrigated agriculture and promoting dry land farming will both play a significant role in maintaining food security (Deng et al. ) . Irrigation should be scheduled in order to increase yield per unit of water applied and to increase the quality of the product. Deficit irrigation techniques have been studied such as irrigation scheduling, which relates aspect of irrigation management to plant physiology. Keremane & Mckay () noted that provision of water needed to feed a growing population and balancing this with the other demands on water is one of the great challenges of this century.
With the development of the infrared thermometer (IRT), this has been widely applied to measure canopy temperature to detect the water stress of crops (Testi et al. ) . The crop water stress index (CWSI) can be determined from the empirical approach proposed by Idso et al. () , which focuses on the relationship between the air and canopy temperature difference (T c À T a ) and the vapor pressure deficit (VPD) under non-water-stressed and fully water-stressed conditions.
For fully-irrigated plants, which are assumed to be transpiring at the potential value, the relationship is linear, and linear regression is used as the lowest non-water-stressed baseline. The upper baseline represents (T c À T a ) for fully-stressed plants that are not transpiring and independent of VPD. The value of CWSI can range from 0 to 1.0, where 0 ¼ no stress and 1.0 ¼ maximum stress. IRT is used for canopy temperature measurement, and with its development, it has been widely applied to detect the water stress of crops (Testi et al. ) .
Iran produced approximately 39 tons per hectare of sugar beet from a total area of 56,286 ha in 2010 (MAJ ). Lorestan is one of the most important Iranian provinces in terms of agriculture because it has a highly diverse climatic condition that allows the cultivation of various types of crops.
Review of the resources indicated that the CWSI (Idso ) has been used as a method to assess crop water status and to schedule irrigations by many previous researchers including: Taghvaeian Under conditions of water scarcity, deficit irrigation is an optimization solution for the cultivation of produce, with produce reduced in unit level and increasing with development (Sepaskhah et al. ) . In areas where water is the most limiting factor, maximizing WP may be economically more profitable for the farmer than maximizing yields. Deficit irrigation limits plants receiving requested water and has effects on yield. Findings in northern Tunisia on two drip irrigated peach varieties with two deficit irrigation treatments, mild DI1 and severe DI2, indicated that a yield reduction in DI2 treatment of 14 to 22% was observed for both cultivars compared to DI1 (Ghrab et al. ) . Sugar beet has a long growth period and its water requirement is high. Mahmoodi et al. () demonstrated that irrigation levels had a significant effect on the sugar yield and quality of sugar beet, and showed that for maximum root yield and quality the optimum soil water content was 70% of the field capacity. The effect of various levels of irrigation on sugar beet indicated that white sugar yield decreased 16.6% and 39.7% by reducing the water consumption from 1,000 to 725 and to 655 mm, respectively.
The work showed that the reduction in a high stress condition is high (Sharifi et al. ) .
The main objectives of this study were: (a) to determine the non-water stressed baseline and maximum-stressed baseline for sugar beet; (b) to evaluate the use of CWSI for irrigation scheduling in sugar beet; and (c) to obtain quantitative output and irrigation water use efficiency (IWUE). row spacing was 50 cm. The experimental field was a completely randomized block design with three replications.
METHODS
The treatments studied were: furrow irrigation with non-irrigated (I0), 70% (I70), 85% (I85) and 100% (I100) of water requirements. Sugar beet is sensitive to water stress at the beginning of the growing period and it is recommended that the stress is applied three to four weeks after germina-
The amount of irrigation water was calculated based on the pre-irrigation soil moisture (Θ i ) in the measured soil profile according to the following equation: 
where VPD is vapor pressure deficit (mbar), RH is relative humidity, and T a is air temperature ( W C). RH ave : average of relative humidity.
The CWSI was calculated according to Idso et al. () by using Equation (3):
where (T c À T a ) ll is the lower limit of the canopy temperature minus the air temperature, representing the non-waterstressed baseline (lower baseline) and (T c À T a ) ul is the upper limit of the canopy temperature minus the air temperature, representing the non-transpiring upper baseline.
All data were subjected to analysis of variance (ANOVA) using the Statistical Package Program (SAS); the significant differences between the groups mean (P < 0.01 and P < 0.05). Duncan's test was used to compare and rank the treatment means.
RESULTS AND DISCUSSION
With regard to the total volume of water received, Table 2 shows the sugar beet yields, irrigation amounts, and IWUE for each treatment during the growth period.
In two years of 2013 and 2014, the results indicated that the water stress significantly reduced the sugar beet yield in the I70 treatment. Based on the Duncan test for the mean differences, it was verified that the differences between the I100 and I70 treatments was significant at the 0.01 significance level. In general, decreasing the amount of irrigation water applied decreased, the yield, but this difference between I100 and I85 was not significant ( Table 2) . The results of the study on quinoa showed that the differences in the crop cycle length of quinoa between deficit irrigation and full irrigation are negligible (Geerts et al. ).
Irrigation levels did not have a significantly different effect on sugar rate in the treatments. Results indicated that the percentages of sugar from 100%, 85% and 70% irrigation treatments were 17.6%, 18% and 18.5% in 2013 and 17%, 17.5% and 18.3% in 2014, respectively, which indicates the sugar rate increased with water stress, but these differences were not significant (Table 2) . Baigy et al.
() reported that percentages of sugar from 100%, 75%
and 50% drip irrigation treatments were 15.48%, 17.7%
and 18.01%, respectively, which indicates the sugar rate increased with water stress.
Yonts () showed that with full irrigation, the root and sugar yield of sugar beet was highest, and reducing irrigation to 25% did not significantly change the sugar content.
IWUE values were significantly influenced by irrigation treatments. The maximum IWUE was obtained from deficit irrigated furrow plots in the I70 treatment, at 9.17 and 1.61 kg m À3 for the root and sugar yield, respectively. I85
and I70 treatments have a higher IWUE (root yield) at 12.5 and 18% compared to the I100 treatment ( Table 2 ).
The effects of deficit irrigation on the quality and quantity of sugar beet showed that deficient irrigation increased water use efficiency and increasing the rate of water consumption and irrigation level reduced the sugar rate (Mehrandish et al. ) . In a similar study in the semiarid region, root and white sugar yields of sugar beet were significantly decreased by the increasing water deficit (Topak et al. ) . IWUE was highest at the lowest irrigation conditions.
The IWUE of plants under stress is higher because stressed plants wilt far more than unstressed plants, and wilting invariably occurs at times when the saturation deficit of the atmosphere is large. Therefore, the plant assimilates only when the saturation deficit is small and hence loses According to Figure 2 , the value of (T c À T a ) ul was calcu- Turkey. These differences may be due to differences in climatic conditions or plant varieties.
As shown in Figures 3 and 4 Table 2 ). The sugar beet root yield Other studies under different local conditions and crop types have reported the high correlations between the mean of CWSI and yield that were also obtained in this study (Erdem et al. ; Al-Kayssi et al. ) . According to these results, it can be said that the CWSI values can potentially be used to quantify water stress for sugar beets. Figure 6 shows that there were no significant differences between CWSI in similar treatments in 2013 and 2014, but between the treatments the differences were significant.
CONCLUSION
The results of this study demonstrate that the effects of deficit irrigation levels had a significant effect on total yield of sugar beet, sugar yield and IWUE. Water use is significantly important in order to obtain higher yields of field-grown sugar beet under the climatic conditions in Iran. Full irrigation treatment (I100) produced the highest root yield (twoyear averages, 63.5 t ha
À1
), the lowest root yield was obtained with the I70 treatment (two-year averages 51.9 t Figure 5 | The relationship between CWSI and root yield, sugar yield, IWUE in root and sugar yield (IWUE(R) and IWUE(S)). Significant at the 1% probability level (P < 0.01). This study shows that in the semiarid region, a CWSI value of 0.3 or smaller could be taken as a threshold value to start irrigation for sugar beet grown under the water scarcity conditions that are described in this study. Between the sugar beet yield and CWSI, a significant nonlinear relation was found that can be used for root yield prediction. It is important for prediction of the yield reaction to crop water stress in developing programs, and decision making for use by farmers and researchers for irrigation management under water scarcity conditions.
